Abstract While short-term outcome studies of patients following total hip arthroplasty (THA) have shown compromised walking ability, it is often assumed that temporospatial parameters will return to normal levels at long-term follow-up, especially for younger patients. Temporospatial parameters were determined for 149 THA patients selected arbitrarily from routine ten-year post-operative review clinics. Patients were divided into five age groups: 54-64, 65-69, 70-74, 75-79 and over 80 years. The parameters of speed, step length, stride length and cadence were measured. All age groups displayed significantly reduced velocity, step length and stride length compared to an age-matched normal group. There was no difference in most of the temporospatial parameters between the age groups. This study shows that even younger THA patients at long-term follow-up do not regain normal age-matched walking characteristics.
Introduction
Total hip arthroplasty (THA) secondary to arthritic pain is one of the most common orthopaedic procedures undertaken, with over 300,000 THAs being carried out annually in the USA alone [8] . While THA outcomes have been reported in terms of implant survival time and outcome scores such as the Harris and Oxford hip scores, one of the most objective outcome measures is that of patient walking ability as measured by temporospatial parameters.
The primary objective of the hip replacement operation is the relief of pain. Consequently, while the procedure may allow the patient to execute normal daily tasks pain free, the restoration of normal range of motion at the joint may not occur [10] . It is unknown whether the temporospatial parameters of THA patients return to normal levels in long-term follow-up after the operation. Most studies have considered THA patients in the immediate post-operative period [1, 2] or at short-term follow-up of between one and four years [4-7, 9, 12] . While some of these studies report a return to normal walking speed for patients post-THA between one and three years follow-up [5, 6, 12] others report contrary findings with THA patients failing to achieve normal walking speeds at two to four years follow-up [4, 7, 9] . In those studies which found reduced walking speed post-operatively for THA patients, it is often assumed that THA patients will eventually achieve normal temporospatial levels at longer periods post-operatively [9] .
This study seeks to determine whether the temporospatial parameters of a large cohort of THA patients across a wide age range at long-term follow-up (ten years) return to normal levels. This study also sought to examine differences in temporospatial parameters across age strata to investigate whether younger patients display improved temporospatial parameters compared to their older counterparts.
Materials and methods

Patient details and surgical procedure
Patients were arbitrarily selected from ten-year hip replacement review clinics at a regional orthopaedic centre, with 149 patients recruited. Patients were excluded if they reported lower limb pain or if they had experienced other orthopaedic procedures (e.g. knee or ankle replacement) due to possible compromise of that patient's walking pattern. The average time for which the implant had been inserted was 9.90 years, ranging from 8.91 to 11.44 years. Eight patients had bilateral THA while the remaining 141 had unilateral THA. All replacements were primary arthroplasties (i.e. none were revision arthroplasties).
All operations were performed using a posterior approach by a single orthopaedic surgeon. The implant consisted of a cemented titanium femoral stem with a 28-mm diameter cobalt chrome alloy head (Orthogenesis custom X-press stem, DePuy International, Leeds, UK) articulating against a cemented UHMWPE acetabular cup (Elite cup, DePuy International, Leeds, UK). All components were sterilised using 25 kGy gamma irradiation in an air environment.
Ethical approval was obtained from the local Research Ethics Committee and informed, written consent was provided by all participants. A group of ten fit and active age-matched normal subjects were also tested. An entrance questionnaire [13] was used to exclude normal subjects with walking or lower limb problems. Summary details of the age-matched normal subjects are given in Table 1 .
Retro-reflective markers were placed on both feet at the toe (at the second metatarsal head) and heel (over the os calcis at the same vertical height as the toe marker) positions. Together with ground reaction force data from two instrumented force plates (AMTI, Watertown, MA, USA) the beginning and end of the stance phase for each foot were determined. Accurate identification of heel contact and toe-off gait events were determined using thresholding of ground reaction force data (heel contact when F>20 N, toe-off when F<20 N). Data were captured with a 6-camera Vicon 612 system at 120 Hz with both THA patients and normal subjects being tested. Each trial consisted of the subject walking a distance of 8 m at selfselected speed. Data from the central section of the walkway, in which the force plates are situated, were used for analysis to ensure the acceleration and deceleration phases of walking were not used. A minimum of three trials were captured for each subject, with a single representative trial used for analysis.
Statistical analysis
The variables analysed were velocity, cadence, step length of the operated and non-operated limbs, stride length and stance phase duration for the operated and non-operated limbs. To test for differences between temporospatial parameters of the operated and non-operated limbs paired t-tests were used. Differences in variables between the agestratified groups and the normal group and between each of the age-stratified groups were tested using a one-way analysis of variance (ANOVA) with pair-wise comparisons using Tamhane's T2 test. The significance level for all tests was set at 0.05. Statistical analysis was performed using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Of the 149 patients recruited, one was excluded due to pain during walking and another was excluded due to comprehension problems. Patient details are given in Table 1 . Based on the age profiles of the subjects tested, five age strata were used to group the patients tested. These were 54-64 years, 65-69 years, 70-74 years, 75-79 years and 80 years and over. Patient details of each group are given in Table 1 . A summary of temporospatial parameters for each of the five groups and for the elderly normal groups is shown in Table 2 . All groups showed significantly reduced velocity, step length and stride length compared to the normal control group. Cadence (step frequency) was not significantly reduced and stance duration was not significantly increased for any age group compared to normal ( Table 2 ). There were no significant differences between any of the age groups for any of the temporospatial parameters measured, apart from reduced step and stride length of the oldest (> 80 years) age group compared to the youngest (54-65 years) age group.
Considering patients with unilateral hip replacements (n=139) from the entire patient cohort, no significant differences were found between the operated limb compared to the non-operated limb for any of the temporospatial parameters measured (Table 3) . Similarly, for each of the five age groups no significant differences in temporospatial parameters were found between the operated limb compared to the non-operated limb.
A plot of velocity against age for the entire group showed a trend for walking speed to reduce with increasing age. However, the correlation was relatively poor (r 2 =0.08) with a large degree of scatter (Fig. 1) .
Discussion
While other studies have reported temporospatial parameters of hip replacement patients post-operatively, these have tended to focus on small groups of patients who do not represent typical patients presenting for THA. Furthermore, most studies consider patients at short-term follow-up and the results to date have often been contradictory.
The walking speed of a cohort of 17 THA patients (mean age: 52.6 years) was reported to be approximately 1.05 m/s at one-year follow-up, which was not found to be significantly less than that expected of normal Japanese people [6] . However, a total of six implant types were considered in this small study group, while the normal data referenced were derived from a separate unrelated study. Long et al. tested 18 patients up to two years post-operatively and found that walking speed had indeed returned to normal levels [5] . In contrast, Perron et al. reported an average walking speed of 1.07 m/s for a group of 18 THA female patients six-18 months post-operatively, which was significantly less than for a group of age-matched normal female subjects [9] . Loizeau et al. reported an average speed of 0.78 m/s for a [11] . Patients were tested between two months and two years post-operatively and two different surgical procedures (cemented and uncemented) were considered. The only other study of the walking ability of THA patients at long-term follow-up considers the temporospatial parameters of a group of 20 female patients (average age: 60) eight to ten years post-operatively [3] . Of these patients, it was noted that they were not representative of a typical THA cohort due to being exclusively female, having a young age profile and the fact that the majority presented for surgery due to hip dysplasia. However, the average velocity of this group eight to ten years post-operatively was 1.12 m/s, which compares well to the average velocity of 1.07 m/s for the 54-to 64-year-old group in this study.
For those patients with unilateral hip replacements there were no significant differences found in any of the measured temporospatial parameters (velocity, step and stride length, stance phase duration and cadence) of the operated limb compared to the non-operated limb for the entire cohort (Table 3 ). In the immediate post-operative period the step length of the non-operated side has been shown previously to be reduced compared to the operated side due to the inability of the operated limb to extend during walking post-surgery [1] . As the non-operated limb swings through during gait the operated limb is pushed into extension, which is painful for patients in the immediate post-operative period [2] . However, this study shows that differences in step length between the operated and nonoperated limbs have been elimated at long-term follow-up (Table 3) .
Furthermore, there were no significant differences between any of these temporospatial parameters for any of the five age groups when tested separately. This suggests that symmetry between the operated and non-operated limbs is achieved at long-term follow-up for all the age groups tested. However, despite the significant period of time postoperatively, all groups, including the youngest patients (54-64 years old), showed significantly reduced temporospatial parameters compared to the elderly normal group. This confirms that key gait parameters of velocity and step length do not return to normal levels, even for the youngest patients.
This study reports that while the velocity of the older groups is reduced compared to the younger ones, this difference did not prove to be significantly different ( Table 2) . Although velocity is approximately inversely associated with age for the cohort as a whole, the correlation is relatively weak (Fig. 1) . Consequently while the trend is certainly for reduced velocity and step length with advancing age, a specific correlation between age and walking speed for THA patients cannot be assumed (Fig. 1) .
No significant differences in any of the temporospatial parameters were reported between the age strata of 54-79 years old. The most elderly group (> 80 years old) displayed a significantly reduced step and stride length compared to the youngest group (54-64 years old) ( Table 2 ). However, this may be simply due to the reduced walking velocity of this group rather than factors attributable to their hip replacement. By considering patients who received the same implant from the same surgeon via the same surgical technique at the same hospital this study sought to greatly reduce possible confounding factors and variability associated with previous post-operative studies of patients following joint replacement [6, 9] . This study also sought to ensure that the level of post-operative rehabilitation was reasonably uniform by considering patients at a single time point (i.e. 10 years) post-operatively.
This study shows that THA patients up to 80 years old have remarkably similar temporospatial characteristics, especially those of walking speed and step length. Above this age patients displayed significant reductions in step and stride length and marked but non-significant reductions in velocity. However, these reductions in walking speed and step length are more likely due to advancing age rather than limitations caused by the hip replacement itself. Symmetry of temporospatial parameters between the operated and non-operated limbs was achieved by all patient age groups. This study reveals that at a period of ten years post-operation, crucial temporospatial parameters of velocity and step length do not differ significantly across patient age groups up to 80 years of age. However, all THA age groups displayed significantly reduced velocity and step and stride length compared to normal age-matched controls, suggesting that walking function has not returned to normal levels even for the youngest group of patients ten years post-operatively.
